Background: Systemic lupus erythematosus (SLE) is a chronic, multisystem, autoimmune disease characterized by autoantibody production, immune complex deposition and excessive pro-infl ammatory cytokine production due to an aberrant and dysfunctional immune system. Disease activity markers for SLE are helpful in the management and prognostication of the disease. The neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) have been studied as a novel infl ammatory marker and prognostic markers for cardiovascular diseases, infl ammatory disorders and malignancies. Objective: The aim of the study is to investigate the association of NLR and PLR to disease activity of Filipino patients with SLE. Methods: This is a cross-sectional study done through a retrospective chart review of 135 Filipino SLE patients divided into two groups. Group 1 (SLEDAI-2K score of <3) had 64 patients who were in low disease activity/remission and group 2 (SLEDAI-2K score of ≥3) had 71 patients who were in active disease. Clinical characteristics and disease activity parameters (C3, anti-dsDNA, ESR) and NLR and PLR were compared in the two groups. Correlations of NLR and PLR with established clinical and laboratory disease activity markers of SLE (C3, anti-dsDNA, SLEDAI-2K scores) were analyzed. Results: The group 2 or those with active disease had signifi cantly higher NLR (2.947 ± 1.756 vs. 1.868 ± 0.832, p-value of <0.001) and PLR (205.9 ± 122.2 vs. 140.2 ± 53.0, p-value of <0.001) levels compared to group 1. NLR and PLR values were also signifi cantly higher in patients with lupus nephritis. NLR was positively correlated with anti-dsD-NA (r = +0.490, p-value of <0.001) and SLEDAI-2K scores (r = +0.496, p-value of <0.001). NLR was negatively correlated with C3 (r = -0.336, p-value of <0.001). PLR was also positively correlated with anti-dsDNA (r = +0.301, p-value of <0.001) and SLEDAI-2K scores (r = +0.369, p-value <0.001). PLR was also negatively correlated with C3 levels (r = -0.215, p-value 0.012). Using the ROC curve analysis, the cut-off values in predicting active disease in SLE were 1.968 (sensitivity 77.5%, specifi city 75%) for NLR and 144.53 (sensitivity 63.4%, specifi city 60%) for PLR. The cut-off values in predicting lupus nephritis were 2.121 (sensitivity 73.1%, specifi city 60%) for NLR and 167.0 (sensitivity 65.4%, specifi city 68%) for PLR. Conclusions: NLR and PLR were signifi cantly higher among Filipino SLE patients with active disease including lupus nephritis refl ecting active infl ammation. NLR and PLR correlated well with established
disease activity markers for SLE namely C3, anti-dsDNA, and SLEDAI-2K scores. NLR and PLR could be a useful and convenient disease activity marker for SLE patients.
INTRODUCTION
Systemic lupus erythematosus (SLE) is the prototypic multisystem autoimmune disease with heterogeneous manifestations and a varied course. [1, 2, 3] Its exact etiology is unknown and characterized by autoantibody production, immune complex formation and deposition, and excessive pro-infl ammatory cytokine production that can affect any organ system of the body. [1, 4, 5] Infl ammation plays a key role in SLE and chronic infl ammation is an important pathological process that leads to irreversible damage of the affected organ if left untreated. [4, 5] One of the most common and serious complications of SLE is lupus nephritis. [3] Lupus nephritis is the infl ammation of the kidneys that is caused by immune complex formation and deposition by SLE. If left untreated, lupus nephritis can progress to end-stage renal disease and caused signifi cant mortality and morbidity. [3] Many laboratory tests have been used as indicators of disease activity in SLE and as a guide for clinicians in the management of SLE. These laboratory tests include increased anti-dsDNA, low complement levels (C3 and C4), and increased infl ammatory markers such as erythrocyte sedimentation rate (ESR). Many tools have also been validated to measure disease activity in SLE. [11, 12] . SLE Disease Activity Index -2000 (SLEDAI-2K) is a validated tool used to measure disease activity in SLE. [11, 12] It measures the global disease activity in SLE and predictor of mortality. The higher the SLEDAI-2K score, the higher is the predictive mortality of the patient. [11, 12] It is one of the most commonly used global disease activity measures in longitudinal observational studies and clinical trials. It is a modifi cation of the original SLEDAI consisting of 24 of the most important disease descriptors and has been a guide for clinicians in the management of their SLE patients and researchers doing clinical trials. [11, 12] Targets for the management of SLE patients have also used SLEDAI-2K, particularly remission or low disease activity. Remissions have been described as SLEDAI-2K score of 0 while low disease activity state has been described as SLEDAI-2K score of <3. [11, 12] NLR and PLR have been studied as a novel infl ammatory marker and prognostic markers for cardiovascular diseases, infl ammatory disorders, and malignancies. [4] [5] [6] [7] [8] [9] [10] NLR is calculated as the absolute count of neutrophils divided by the absolute count of lymphocytes. [4, 5, 7] PLR is calculated as the absolute platelet count divided by the absolute lymphocyte count. [4, 5, 7] NLR and PLR have also been recently studied in association with autoimmune diseases namely psoriasis, rheumatoid arthritis, and SLE. [4, 5, 10] NLR and PLR can be calculated easily, conveniently, and inexpensively in comparison with other disease markers of SLE. New studies regarding the correlation of NLR and PLR to SLE have also been done abroad. In a study by Wu, et al., NLR and PLR showed a positive correlation with SLE disease activity. [4] In a study by Li, et al., NLR has been shown to be independently associated with SLE and lupus nephritis. [5] The aim of this study is to determine the association and correlation of NLR and PLR to disease activity in Filipino SLE patients and in the future can help clinicians, especially those that are in the provinces wherein more sophisticated disease markers for SLE are not readily available. In the investigator's knowledge, this is the fi rst local study correlating NLR and PLR to SLE disease activity.
MATERIALS AND METHODS
This is a cross-sectional study done through a retrospective chart review through the nonprobability sampling of SLE patients aged 19 years and older who were seen at the UST Hospital from January 2013 to December 2018. The patients included in the study satisfi ed either the 1997 ACR criteria or the 2012 Systemic Lupus Collaborating Clinics (SLICC) classifi cation criteria for SLE. The disease activity was assessed for each group using the SLEDAI-2K system. Those who satisfi ed the inclusion criteria for the study were divided into two groups -those who are in remission or low disease activity (SLEDAI-2K score of less than 3) served as the control group and those who have clinical active disease (SLEDAI-2K score of more than or equal to 3). The baseline demographics, clinical characteristics and laboratory results were recorded and compared for each group. NLR and PLR were computed for each group and its association and correlation with disease activity were determined. Other laboratory tests for disease activity in SLE (C3, anti-dsDNA, ESR) and presence of active lupus nephritis were also correlated to NLR and PLR.
Inclusion Criteria
The subjects of this study consisted of Filipino patients aged 19 or above who were diagnosed with SLE based on either the 1997 ACR revised criteria for diagnosis or the 2012 SLICC classifi cation criteria for SLE who were seen at the UST Hospital from January 2013 to December 2018.
Exclusion Criteria
The exclusion criteria set for the study included patients who had overlapping autoimmune diseases including scleroderma, Sjogren's syndrome, rheumatoid arthritis (RA), mixed connective tissue disease (MCTD), idiopathic infl ammatory myopathy, as well as infectious processes mimicking lupus. Patients with hematologic disease or those who had received blood transfusion in the past 6 months, malignant diseases and those using medical treatment affecting white blood cell (WBC) count were also excluded in the study. Patients with acute infection or other concomitant infl ammatory diseases that may affect the NLR and PLR were also excluded in the study.
Statistical Analysis
All statistical analyses were performed using the SPSS statistical software (version 21.0, IBM SPSS, Chicago, IL, USA). Descriptive statistics for continuous variables were expressed in mean and standard deviation; categorical variables were expressed in frequency and percentages. Student t-test or Mann-Whitney U-test was used to compare between two groups according to the distribution state. The Chisquare test was used to compare proportions in different groups. The Spearman correlation coefficient was computed to examine the association between two continuous variables. Receiver-Operating Characteristics (ROC) curves were also used to determine the sensitivity and specifi city of NLR and PLR in predicting active SLE and lupus nephritis. Statistical signifi cance was defi ned as a P value less than 0.05.
Ethical Consideration
The research was conducted upon the approval of the University of Santo Tomas Institutional Review Board in accordance with the ethical principles set out in the Declaration of Helsinki 2015.
RESULTS

Demographic Characteristics
A total of 135 Filipino SLE patients were included in the study. They were assigned into two groups namely group 1 (those on remission or low disease activity, SLEDAI-2K score <3) and group 2 (those with active disease, SLEDAI-2K score ≥3). A total of 64 patients (63 females, 98.4%) were included in group 1 with a mean age of 34.42 ± 10.36 years, range 19-58. The mean age of SLE diagnosis was 24.98 ± 9.13 years and the mean duration of SLE was 9.44 ± 6.08 years. For group 2, there were a total of 71 patients assigned (64 females, 90.1%) with a mean age of 35.14 ± 9.04 years, range 20-59. The mean age of SLE diagnosis for group 2 was 26.18 ± 7.89 years and the mean duration of SLE was 8.69 ± 5.48 years. There were no signifi cant differences in the demographic characteristics of the two groups in the study.
NLR and PLR Levels and SLE Disease Activity
Based on the clinical characteristics of the two groups, group 2 or those with active SLE have higher 
NLR and PLR Levels and Lupus Nephritis
In this study, the association of NLR and PLR levels to active lupus nephritis were also evaluated. The patients were also divided into those with active nephritis and those without nephritis. The NLR levels of those with active nephritis were signifi cantly elevated compared to those without nephritis while the PLR levels were also elevated but not statistically signifi cant.
Spearman Correlation of NLR and PLR and Clinical Characteristics of SLE Patients
NLR was positively correlated with anti-dsDNA (r = +0.490, p-value <0.001) and SLEDAI-2K scores (r = +0.496, p-value <0.001). NLR was negatively correlated with C3 (r = -0.336, p-value <0.001). PLR was also positively correlated with anti-dsDNA (r = +0.301, p-value <0.001) and SLEDAI-2K scores (r = +0.369, p-value <0.001). PLR was also negatively correlated with C3 levels (r = -0.215, p-value 0.012). All of the correlations of NLR and PLR were statistically signifi cant.
Receiver-Operating Characteristics (ROC) Curves for NLR and PLR
The ROC curves for NLR and PLR compared to active SLE and lupus nephritis are described in the fi gures and tables below. The cut-off values in predicting active disease in SLE using the ROC curve analysis at optimal sensitivity and specifi city were 1.968 (sensitivity 77.5%, specifi city 75%) for NLR and 144.53 (sensitivity 63.4%, specifi city 60%) for PLR. The cutoff values in predicting lupus nephritis using the ROC curve analysis were 2.121 (sensitivity 73.1%, specifi city 60%) for NLR and 167.0 (sensitivity 65.4%, specifi city 68%) for PLR.
DISCUSSION
The aim of the study was to investigate the association of NLR and PLR to disease activity of Filipino patients with SLE. It looks at NLR and PLR as a possible novel marker for disease activity in SLE patients. This was done by comparing NLR and PLR with standard and validated clinical and laboratory parameters used by clinicians and researchers in evaluating disease activity in SLE patients. In this study, NLR and PLR were correlated with SLEDAI-2K scores, C3 levels, anti-dsDNA levels and ESR. NLR and PLR were also correlated to active lupus nephritis. This was done through retrospective chart review and the patients included in the study were assigned either with low-disease activity/remission (group 1, SLEDAI-2K score <3) or with active disease (group 2, SLEDAI-2K score ≥3). There is no signifi cant difference between the two groups based on demographic characteristics.
Those with active disease (group 2) have higher SLEDAI-2K scores as expected. Anti-dsDNA levels were signifi cantly higher and C3 levels were signifi cantly lower in group 2. This was expected in the active disease state of SLE wherein there is increased dsDNA binding of autoantibodies and active consumption of complement due to deposi- tion of immune complexes. The ESR levels, an acute phase reactant and marker of infl ammation, were also higher in group 2 but not statistically significant. NLR and PLR were also signifi cantly elevated in group 2, which refl ects the possibility of NLR and PLR as disease activity markers in SLE. The high NLR and PLR values in SLE can be explained by the immune dysregulation, increased cytokines and infl ammatory process that happens during active disease. [4, 5] . WBCs or leukocytes have an important role in the infl ammatory process and neutrophils make up the majority of WBCs. [4, 5] Neutrophils as part of the innate immune system also secrete different cytokines and infl ammatory mediators in response to antigens or tissue injury. Platelets also have a role in the infl ammatory process and it also secretes mediators that are active in infl ammation. Neutrophils and platelets contribute to the infl ammation seen in rheumatic diseases such as SLE. [4, 5] NLR and PLR have been studied as a novel infl ammatory marker and prognostic markers for cardiovascular diseases, infl ammatory disorders, and malignancies. [4] [5] [6] [7] [8] [9] [10] . NLR and PLR can be calculated easily from a complete blood count and has an added advantage of being cheaper and readily available compared to other markers of disease activity in SLE. NLR and PLR also have the advantage of not being affected by age, hemoglobin level, and are relatively stable. [4] [5] [6] [7] In the subgroup analysis, the study also compared the NLR and PLR levels of SLE patients with active nephritis to those without nephritis. NLR levels were signifi cantly higher in patients with lupus nephritis compared to those without nephritis. PLR levels were also higher in patients with lupus nephritis but not statistically signifi cant. Lupus nephritis represents an active disease process and it connotes an infl ammatory process that would explain the higher NLR and PLR values. [5] To test for the association of NLR and PLR to disease activity in SLE, Spearman correlation coeffi cient of NLR and PLR to SLEDAI-2K scores, anti-dsDNA, and C3 levels were computed. Based on the results, NLR and PLR have a positive correlation with SLE-DAI-2K scores and anti-dsDNA and negative correlation with C3 levels. All of the correlation coeffi cients were statistically signifi cant which demonstrated a good correlation with the variables. Both NLR and PLR correlated well with established disease activity markers for SLE. This is also similar to the results of the other studies done abroad. [4] [5] [6] [7] The study also used ROC curve analysis to show which cut-off values at optimal sensitivity and specifi city would correlate well or predict active SLE and lupus nephritis. Based on the results, the cutoff values in predicting active disease in SLE were 1.968 (sensitivity 77.5%, specifi city 75%) for NLR and 144.53 (sensitivity 63.4%, specifi city 60%) for PLR. The cut-off values in predicting lupus nephritis using the ROC curve analysis were 2.121 (sensitivity 73.1%, specifi city 60%) for NLR and 167.0 (sensitivity 65.4%, specifi city 68%) for PLR.
The limitations of the study include its retrospective cross-sectional study design. This is also a study done from a single center and measurements of NLR and PLR were based on a single measurement of complete blood count which may not be refl ective of the disease state over a period of time. Prospective multi-center studies are recommended in the future for further validation of these results.
CONCLUSION
This study demonstrated that NLR and PLR were signifi cantly higher among Filipino SLE patients with active disease including lupus nephritis refl ecting active infl ammation. NLR and PLR correlated well with established disease activity markers for SLE namely C3, anti-dsDNA, and SLEDAI-2K scores. NLR and PLR could be a useful and convenient disease activity marker for SLE patients.
